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Screening of lovastatin-producing strains by PCR

using lovastatin biosynthesis genes
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'National Institute of Agricultural Science and Technology, RDA, Suwon 441-707, Korea.

Abstract Lovastatin (also known as Mevinolin, Mevacor, and Monacolin K), an inhibitor of the HMG-CoA reductase

produced by Asperygillus terreus and other fungi, is used to reduce serum cholesterol levels in human beings.
It is derived biosynthetically from two polyketides. One of these is a nonaketide that undergoes cyclization at
a hexahydronaphthalene ring system, and the other is a simple diketide, 2-methylbutyrate. Two primer pairs
were designed based on the amino acid sequences of lovastatin polyketide synthase and lovastatin diketide
synthase for the PCR screening of lovastatin-producing strains. Among the seven selected strains, SJ-2
evidenced the highest level of lovastatin production in both fiquid and solid cultures. Soybeans with §J-2 were
treated via 1 hour of heat shock at 30C for the mass production of lovastatin. The heat-freated soybeans were
inoculated on rice bran and the koji extract was obtained after 15 days of incubation. It yielded the highest
level of lovastatin production among the strains, and also evidenced 75% inhibition activity against HMG-CoA
reductase. We developed an efficient PCR screening method for lovastatin-producing strains, using lovastatin
biosynthesis genes.
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HMG-CoA reductase A3 AZ= compactine P&
2 P38 A7) pravastatin(4), Aspergillus terreus
7} AALERE lovastatin® lovastatin®] 3}8H] HE o2 7))
e WA ASiAIR) simvastatin(5, 6)°) UATE 1 2J9]
3}8k4 gadwol €3] fluvastatin, atrovastatin, cerivastatin
Zol ptE et olE FH2HE| UFt T2 FAL
SRR B EA7 G50] 2T, 8). o] F Wit
A FH 2EHE A AL lovastatin (Ca4Hz605)-S TAF BA
o)) Asp. terreus, Monascus sp., Penicillium sp. "5
ols} AAFEM, polyketide A2E F3AM A== o]
PR ALAHE-Z napthalene ring system, £ -hydroxylactone
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2 methylbutyric acidE ¥X3F5}al U+ natural statin©]Th.
Lovastating: Z315+ tiFE9] statin2- lactone™} {3 -hydroxyacid
form®] &3} Fe|= AAkETh B -hydroxyacid formS Eo
&&/47} anti-fungal ] 544 AU 929 lactone ring
< in vivo “JHl°l|A B -hydroxyacid forme 2 Z3}E|o]
k8 E e, 10).

HZ Asp. terreus®] lovastatin AT FHF AR}
o th3t A= Reeve, McAda 5ol 93] Hx=2 AI=HY
31, kennedy 52 <ol o3l 18709) AA1AS) lovastatin
AEE 2 A3 K127 chromosomal DNAS] YH-E
o clustering=o] Q= Ao YA, 12).

Lovastatin®] X343 4L dsp. terreusel] 3] C-,
’H-, "*0- labeled AT7A|7} lovastatin @ & A3}E)= opike
B3A & & Uth Lovastatin®] 8 F-E-0] methionine
S 2BH F=¥ methyl group™ 9789 acetate unitS ¢
<« polyketide chain® 2 ©]F{x Q131 B -methylbutyryl
side chain 53+ methionine A 23+ methyl group3} 274
9] acetate unit>Z2HE TS0 ATH13).

Lovastatin A3l F83F AAEL 5 e B A
A} AHE}] lovastatin nonaketide synthase (LNKS)Z4, oJA1
702} active site (ketosynthase, acyltransferase, dehydratase,
enoylreductase, ketoreductase, acyl carrier protein)s ¥ 3§53}l
A, st} mAV} o3 7HA] A4S 28 domain ¥F
3= type [ iterative polyketide synthase (PKS)Z ¥} Zt)
T thE I 849 lovastatin diketide synthase (LDKS)&
lovF RS AEE2M, G40 840 MEER ge
non-iterative PKSoJt}. ¥ &4+ lovastatin® side chaing!
(2R)-2-methylbutyric acidE 38k Aoz d8iA Stk A7)
NA Ae G400l % lovd, lovC, lovD, T InvG 5
] FH7IR} AhE EE3E lovastatin FE3e) B oz Hraich.

71&9] lovastatin HMHO 2= Newrospora crassas
°]-8-3 bioassay™§ o] de] A UTk14). AT o=
TTFE BNeet B2 A7ty w5 3ol A8H e
2 AT = lovastatin A §-H1XS 0]-831] PCR
< &% lovastatin T2 Ao A&3ta AAAR)
HoE AlREHATL

gt B dpdE i ZY2HE AfA
lovastatinS AABH= Asp. terreus ATCC 20542 mutant
9] lovastatin A F2= F polyketide B33 -4
5= 0|83 PCRYEO.Z Aspergillus sp. 099 thabst
statin A1E £2 A4 759 £2E A3 Y =5 2
lovastatin®] AAHAEE AESIHTL

=]

= H

0%

AlBTE o oY

F90) $IE 918 B RE Anoieln Q2 £% 2

RS AFHE AR 1 gs SRS 9 meoll FEslo]
10%, 10’22 3)418+ ¥ Czapek-Dox agar®iA] (sucrose 30 g,
KoHPO, 1 g, MgSO4-7H0 0.5 g, KCI 0.5 g, NaNOs 2 g,
FeSO; - TH,O 0.01 g, agar 20 g/L, pH 5.6)°) 100 wl =
Tadte] 28T ollA 5~7U3t vt =ad ok
214 600 AN FFolFE AAEste] PDA APAH|A]
(potato starch 4 g, dextrose 20 g, agar 15 g/L, pH 5.6)l
o skl 4T Bashar ARSIiT. SAE
Asp. terreus ATCC 20542 HO|F= lovastatin AJ4F HIX]Q]
MGP Hl|A} (malt extract 20 g, glucose 20 g, peptone 3 g,
agar 20 g/L)oll HF3l 28 C oA 5A7T vz ohg-
AR S FAS 20Tl HASTHA A
BAEH LS MGPEIA] 100 meolt SAIT} F2jire] LAt
Hebol S 100 0 (1.0 x 10° spores/ml )X &3} 28C
AA 150 ipmOE 3, 6, 9, 12Y7F wjdstch TARjoke
U7 200 g 2271 EE AP F I SR 70 wE
Arkele] Belae] EApEEkd 200 10 (1.0 x 10° spores/mé)
A RAFsla] 28TColA 6, 9, 12, 15, 3097 vkt
kS A3 ke 127 ET A7l UiF 2070
o) B3t 10 ml (1.0 x 10® spores/md) S HE3t 28°C ol
A1 48A17F AN STt EHlke vt 200 g2 271}
AT A 3 E9F 255 70 g Frlsle Aujokst i
370 HEsId 28T ollA] 6, 9, 12, 15, 30983t vt

Mg deats B4

Ao FEdt £ slide cultureE $3t] 81
8}tk Czapek-Dox agar¥l A& ]88k 28°CollA] wj <k
StHA FEANHoE FaASIch

2al#FEe| chromosomal DNA F=&

PDA HiA]el] wigh 22T @ MGP wiA]o] vist &
A2 3438l washing buffer (10 mM Tris, 1 mM
EDTA-2Na, 0.05 M NaCl, pH 8.0)Z A3 & 74 3 g
£ -80°ColX TZAAA IA| AAE HriehaA F3HA
o} F & lysis buffer (25 mM Tris-HCl, 25 mM
EDTA - 2Na, 1% SDS, pH 8.0) 10~20 M S ¥ }s}od
TAS 2827 o2 F%2| TE buffer (10 mM Tris,
1 mM EDTA-2Na, pH 8.0) 33} phenol-2- 715l 3,000 rppm
ol A 1087 AAEESIATE 5ol T sevag &4
(chloroform : iso-amylalcohol = 24 : 1)& 3713t £ 3,000 rpm
oA 1087 AR A5As Id 5 2njEe
cold 100% ethanol& ¥l 7P A £5°] DNAE 3|43}
Ao}k 3523 DNAE 70% ethanol 2 mE AFH3 o}
TE buffer 5 m{E 715l DNAE 83417 RNase A
(USB Co.) 50 ug/mbE F7Istd 37TColA 1A17F AA]
71 & tA] TE X3} phenol#} sevag ]S & o} 200
9] cold 100% ethanolZ DNAE 353} 70% ethanol,
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100% ethanol 2 X&)%t & AZ35}YcE TE buffer 1 S
A7kl #2l3 genomic DNAS £3)A]A -30Col| B3t
BFAA ARSIk

Polymerase chain reaction (PCR)

Asp. terreus ATCC 205429] lovastatin A 732}
% %83 9%E 3= polyketide synthase 7212} euld
9] ofujigt v EUZ 3ty oF W] BamH I site
9} EcoR I siteS E3SH= 59|22 primers 1 (Table 1)
7} diketide synthase 32} ©@de] ojmit vjdS
EdZ 3t & Lol BamH 1 siteS 3= S0)3
%) primers 2(Table 3)E AZSFATE Asp. terreus ATCC
205429] chromosomal DNAE- templatesZ PCR (GeneAmp
PCR System 2400, Applied Biosystems, USA)S 433}
gom ZF PCR 272 Table 2, 49 Btk

Table 1. Design of PCR primers 1 for the screening of
polyketide synthase genes

Sequences 5' — 3

ACGGATCCGCGCAGGAAATCTATCATAC
BamH |

ACGAATTCTTCACACTCTGCTAGTCACG
EcoR |

LovP-F

LovP-R

Table 2. Composition and condition of PCR with primers 1

PCR composition PCR condition
Genomic DNA (200 ng/#f) 1 #£ 94T 5 min
LovP-F (10 pmol/i£) 14  94C 30 sec
LovP-R (10 pmol/u) 146 55C 50 sec ] 30 cycles
Go Taq master mix". 54 72C 1 min
dH;0 2.4 4T o

Total 10 w

" ‘Go Taq Master Mix (Promega Co.)' is a premixed ready-to-use
solution containing Tag DNA polymerase, dNTPs, MgCl. and
reaction buffers.

Table 3. Design of PCR primers 2 for the screening of diketide
synthase genes

Sequences 5' — 3'

ATGGGATCCTAYGCNTGGATGCARAARCA
BamH |

GTTGGATCCAAYTCCATNACYTTRTGCCA
BamH |

LovF-F

LovF-R

Agarose gel H7|¥E U lovastatin 4t @] Md

719 958910 F= TAE buffer (40 mM Tris-acetate,

1 mM EDTA, pH 8.0)8 AF3-3}59.91 2%9] agarose 3
gelS ARR-3l] PCR AHE-S 100 VoA 2719 % stk
27195 F 260 bp, 500 bp =719 & PCR 2HEo] &
o1E FF-E [ovastatin AAAFE A3

Table 4. Composition and condition of PCR with primers 2

PCR composition PCR condition
Genomic DNA (200 ng/#£) 1 4  94C 5 min

LovF-F (10 pmol/x£) 146 94T 30 sec

LovF-R (10 pmol/£) 14 55T 1 min ] 35 cycles
Go Taq master mix. 54 72C 1 min

dH:0 24 72C 7 min

Total 10 4T o

Lovastatin £&

BA okl © T HE] [ovastatin®] 5 vk d5EE
AF3 Wik 2 ml, CH;CN(Merck Co.) 2 ml%} conc.
H3PO4 100 105 713 1A1RFERE adkAIZ] - 3,000 rpm
oA 1087 YAEEEIT RS AFste] Az

FAFAZEE lovastatin®] FE=2 HI%A 0.5 g9}
CH;CN 15 & &3 ¥ 583 sonic A& 3 The
1A7F5¢E WHIAA 3,000rpmoll A 1087 Y4125
A=l 4 ml, BT 4 me9 conc. H;PO, 100 25 A7)
3§ Agsle] Alz3IFT

Lovastatin®| HPLC 24

A2 ovastatin® Cig reverse phase columns ©|-83}
o] HPLC (Shimadzu Co., Ltd.)Z flow rate 1.0 M¢/min,
UV 237 nm®] Z79A 20 44 injectiondtd 0.1%
H:PO.7} X389 60% CH:CNOE R3A1A E45159th

Lovastating| TLC &4

Aubg 227 9) lovastatin A4 TLC (Thin layer
chromatography)E E35}¢] 8181t} TLC plate (Silica
gel 60 Fasq, Merck Co.)ol lovastatin 8 (acid form
2 lactone form)¥} A& 10 xlE spotting3IHTE Spotting §+
TLC plater 7123 & F/ME0] (CHCL: @ CeHioOs -
CH;OH = 8 : 1 : 1)7} E913)& TLC chamberoll A #7H
AlZAL}E AN & TLC plate™ UV (254 nm)E lovastatin
< RIS

HMG-CoA reductased| tHst Xl HE

AT HjFEEE-S Lovastatin®] 7151 HMG-CoA
reductase®l] W3t A3l B3E SA317] A8ke] Hucher 3
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oleson 52| EFEA SAHLS W i 2o) 53
BFATH(15-17). ¥hg-oe] 248 microsomal protein 1 mg,
HMG-CoA 150 nmoles, NADP 2 pmoles, glucose-6-phosphate
3 nmoles, glucose-6-phosphate dehydrogenase 2 unit, A&
(10 mg/me) 100 ubE FH7}std AF Fo7}t 1 mlEA 34
37ClA 3023t ¥h3-35ict. ¥h&-del]l 10 mM sodium
arsenite solution 20 S AH7}St 18 3 3% sodium
tungstate® T3+ 2 M citrate buffer (pH 3.5) 0.1 mE
7Fsted 37°C oA 1083 X3t ¥he-& A3k A
& kSN proteing A7 1$18H 4T, 15,000 rpmel|A]
58 AUEYT U ATA 1 s FHsk 2 M Tris
buffer (pH 10.6) 0.2 m¢} 2 M Tris buffer (pH 8.0) 0.1 ml
£ F7¥et] wkeole] pHE 8.0082 ZH3HTE CoA-SH
9] AL 3l 0.4 M sodium arsenite 50 HUE A7}8}]
S5EZE WA W 1 mE #3}e] 3 mM DINB
20 E 7K ¥ 412 nmolA FREE SA3ACH
CoA-SHO| A3Heke ofefjo] 2o F3le] 2ME3llth

A tion) - A trol
nmoles/min = (reaction) 0 (control) x 1.43

0.0136 x reaction time

A AelA 1.432 3 Muj5o]™ 0.0136-> CoA-SH
molar extinction coefficient®|Th. WS- Fol NADPHE
Fw3t7] 9430 glucose-6-phosphate 9} glucose-6-phosphate
dehydrogenase & AHE-3IY Y= TFE+ 7122l NADP
E 7R &3th HMG-CoA reductase®] o3t A&)&
2 AEE YA 22 A CoA-SH A2rekol tigh #sj<)
AT E WEEE sk

&= 8¢ 1@

Lovastatin polyketide synthase {$Xx}& 0|23t
MAbE HAM

Asp. terreus ATCC 205429] lovastatin AEHA A=}
% 583 982 3h= polyketide synthase (PKS) -S-214}
£ 7|9k 2 3} 260 bp 719 BamH | site®} EcoR |
siteE Z33h= £0]4<Q! primers 1 (LovP-F, LovP-R)S
AzFeict. 223 FPol2HE 58 genome DNAZ
ez PCRE 3%t A3 o=l 217120 <F 260 bp
o] E7 PCR HEES =3 UNFig. 1).

PKS #3AAE Ao s )] lovastatin A2} 52
ARSQAT A2 BE Fgolr} PKS FARNES AUs
Ao R ALY, PCRE 83 & £4 PCR M=
o] H&3] AR 775 (SI-1, SI-2, SJ-3, SJ-4, SI-5, SJ-6,
SI-NE 123822 A3l lovastatin diketide synthase
FAAE o83 A FF HA o) g3ttt

M1 2 3 456 7 A M

.—-1500bp

1,000 bp

900 bp
£ 800 bp
< 700 bp
<— 600 bp

<«—— 500 bp
<—— 400 bp

< 300 bp
«— 260 bp
< 200 bp

Fig. 1. Gel electrophoresis of amplified PCR products from
isolated fungal genomic DNAs by primers 1.
M, 100 bp DNA ladder; 1, Strain SJ-1; 2, Strain SJ-2;
3, Strain SJ-3; 4, Strain SJ-4; 5, Strain SJ-5; 6, Strain
SJ-6; 7, Strain SJ-7; A, Asp. terreus ATCC 20542 mutant.
Lovastatin diketide synthase RX%lE 0|88t M4
M Ty

Asp. terreus ATCC 205429] lovastatin A3 44}
Z 223 98-8 3= lovastatin diketide synthase -7
A} (LDKS) ©d o) opm|egt Hig S 7|We 2 &
500 bp =719 & detell BamH | sites X3 9]
291 primers 2 (LovF-F, LovF-R)E A 2ste] £k
Fdo]|ZHE] %3} genome DNAE A SE PCRS
T 1 A dEE =790 ¢F 500 bpe =3
PCR AHEES AYAF81=(Fig. 2) LDKS FAAE A=
675 (SI-1, SJ-2, SJ-3, SJ-4, SJ-6, SI-7)S lovastatin Y4}
TR 23 st

7 A M

M1 2 3 4 5 6

1,500 bp

P

<700 bp
<—- 600 bp

<— 500 bp
< 400 bp
< 300 bp

«— 200 bp

Fig. 2. Gel electrophoresis of amplified PCR products from
isolated fungal genomic DNAs by primers 2.
M, 100 bp DNA ladder; 1, Strain SJ-1; 2, Strain SJ-2;
3, Strain SJ-3; 4, Strain SJ-4; 5, Strain SJ-5; 6, Strain
SJ-6; 7, Strain SJ-7; A, Asp. terreus ATCC 20542 mutant.
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MyFF| Helisr

AdE 6719] T BA3S dopir] 919 slide culture
€ st @n|ZEoR A% £ A9 Fig. 3004 BE e}
S8J-2, SJ-3, SJ-4, SI-6, SJ-7+ Asp. terreus ATCC
20542 WHolF=9} [FAISH Aspergillus sp. .2 FRAEIYC
™, SJ-12 Rhizopus sp., SI-2% Penicillium sp.2.2 34
slen B dAge] FAIFFE AEEHTh

HiujUE St |lovastatine] HPLC 2M

Flg 39 Aol A Aspergillus sp. 3 TFE &02 2]
FAE SI-134 8125 AAuke Esty] lovastatm«]

§ La— ARSI FATFE 3, 6, 9, 12931 vjeka}
o $&3% & HPLCEA] lovastatin acid form3} lactone
form2] ‘”’1‘}5 g5k aTk 1 A3} SJ-12 lovastatin A3
Abo] mlekstgg ot (A3} w|A|AY), SI-2E Fig. 494 HE
uke} o] lovastatin®] acid form¥} lactone form<] A4t
< g1 ZE2EE AT #389] mevalonated]
3H3E A3N5k= lactone form-S HISF 6ol 71 o)

A= A

Fig. 3. Microscope photos of slide cultures of lovastatin producing
strains (x400).
A, Asp. terreus ATCC 20542 mutant; B, Strain SJ-1; C,
Strain SJ-2.

aHEiAE SBt lovastatine] HPLC 24

WA S ;}04 lovastatinf2to] 3Q1m ZA|FZ=
S1-2% B2 317) A1) Park 5(18)2] el e

o7 olgstel uApidS StEon wjE2 HPLC
2 Itk 1 A3} Fig. 594 RBi= ule} o) wjek
1594 lovastatin®] A4+eo] 714 9319901, lactone
form®] AJake AR ufF A9} vwElgS W A6 ko)
28} o]} B2 lovastatin®] AYLHS BRI} THFig. 4, 5).

Lovastatin {uzg/mf)

Lovastatin (uzg/mf)

Lovastatin (mg/g)

Lovastatin (mg/g)

Fig.

100

O(J I | | | | |
0 2 4 6 8 10 12
Incubation time (days)
51 B.
4 -
3 -
2 -
1 L
0({ ) | i i L |
0 2 4 6 8 10 12
Incubation time (days)
4. Lovastatin production of SJ-2 in liquid culture.
A, Lovastatin acid form production; B, Lovastatin lactone
form production.
80 A
60 |
40
20 |
0 (/ L L H I
0 5 10 15 20 25 30

incubation time (days)

0 5 10 15
Incubation time (days)

20 25 30

. Lovastatin production of SJ-2 in solid culture.

A, Lovastatin acid form production; B, Lovastatin lactone
form production.
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MALEl |ovastating] TLC 24

At S1-27F AAkshs lovastatin® FAITFS] Asp.
terreus ATCC 205429} TLCE o]-&3}e vlm, 24314
). 1 A3 Fig. 694 K= uke} 20| lovastatin EFA| S
(acid form ¥ lactone form) 2 Asp. terreus ATCC 20542
7} A lovastatin?} 5L acid form Ry value 0.38,
lactone form2 Ry value 0.7814 58i3t HAEE = A w
Hol lovastatin AAF FFU-S Zlstanh

Lactone form ——
(R,0.78)

Acid form
(R,0.38)

Fig. 6. Detection of lovastatin by TLC analysis.
A, Lovastatin acid form (10 ug/mé); L; Lovastatin lactone
form (10 xg/mé), AT, Asp. terreus ATCC 20542 mutant
(100 wug/mé-extract); SJ, SJ-2 (100 ug/me-extract).

140 1 A
120 |
100 |
80 |
60 |
a0 |
20 |

0

Lovastatin (mg/g)

o] 5 10 15 20 25 30
Incubation time (days)
40 - B.

30

20

Lovastatin (mg/g)

10

o]

0 5 10 15 20 25 30
Incubation time (days)
Fig. 7. Lovastatin production in solid culture of SJ-2 using
soybean for seed culture.
A, Lovastatin acid form production; B, Lovastatin lactone
form production. symbols : O, Non-heat treatment;
@, Heat shock at 30C for 1 hr.

Lovastatin M4I2 seed culture CHEA|=

A5 SJ-2 lovastatin ABAME- seed culture®) thEk

AZE 37 Y3l FATTRA dsp. terreusS] wWiFEZ
(19)%] AEAs 2 el wet dFE AR-St] A
Sk & w7l BafjFstdtr 1 A Fig.7914 BRe vket
Zo] IAHEH(Fig. 5)° o7t Avgrct dFE o83
ZFAE w7l viFetRS o 3.428) T B lovastatin
< AL

B3 OIFE o]83te Aujdr] Bl wE EApd
oke] 7o) 3t lovastatin®] AAET FA] SAE 3}
A & giFRETE 30TolA 1A1ZHES EAEE 39S
o) 1264 ©] E& lovastating AASIFL ol A=
FHolE 0|83 lovastatin®] HlZFABAH TIFE o83
ey 2 FAgol o3t WolEHRe] BAFHolT=
AHE Ak

HMG-CoA reductasedl| it &sf&sd =X

FATQ SI-29] vjekREESE-S Lovastatin®e] TU3H
7158 3915}7] 951 HMG-CoA reductase®] gt A
& &4 ST wdRds g dEEY
HMG-CoA reductase®l] th3t Asl5-2 Table 594 BHe
nle} o] 30TCAA 1A]7HE<t st vidAI7T 75%
2 7P & A S UERIlen, o= lovastatin®]
Aabeko] 71 Bo Aol YRS

Table 5. Inhibition rate against HMG-CoA reductase activity
of SJ-2 extract

Specific activity Degree of inhibition

Test samples

(CoA-SH pmoles/min/mg protein) (%)

Control 3539 0
Lova-A 294.4 16.8
Lova-L 21 94
Koji extract 1 105 70.3
Koji extract 2 88 75.1

Lova-A, Lovastatin acid form; Lova-L, Lovastatin lactone form;
Koji extract 1, Non-heat treatment; Koji extract 2, Heat shock
treatment at 30°C for 1 hr.

w2l B Aol Al 2o lovastatin Aol 44
o2 Bot 7HAE WSl lovastatin AT FAAE o) &
gt PCRYEC] 82 4 Joa A5 €t

2 o

B AE Asp. terreus ATCC 20542 Ho|FZHE
lovastatin 3§/ F-2A} F polyketide A A4 5
S o83 PCRYELZE Aspergillus sp.©]2]9] statinAlE
B2 ] B 75 9 lovastatin THEARARS SlaL
=} 3tk Lovastatin A3 44 & 7P 83 43
A1 polyketide synthase gene$} diketide synthase gene
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25 2479 primerE A|&st PCRE ©]83F lovastatin
AL FFE BAEI Agkd 7Y FFe FeEat
o] 54 9 lovastatin YIS AES A Aspergillus
sp.°1919] Penicillium sp. 0.8 FRAE= FF& At
st SJ-22 itk AdE i ARG 2 1)
WFe § F FE319 TLCS HPLCE sl z47te)
lovastatin AJAHFS ¥, AESIYCE 3 SJ-20) 5
£ ©]83l lovastatin TAAAMIE Q18 A} o F-A
HEAE 30T, A5 94 st HEste] Bujek
154519 7P E2 lovastating A2 4= AT} In vitro
assay Aol A= HMG-CoA reductaseol] T3+ AsjBA=
7} 15% 2 Rt

£ A7 71€9) lovastatin B o R Ay A
U bioassayH o] ol lovastatin AFHd FAAE o] &
8t} PCRS F¢ lovastatin A2FE2] ghalo] M&slm

AR Wo R AREL,

a Al

B AT AR AE A4S A 2 A
SIATAE (TMR)S] Y Aoz oj#o]5 00, ol
ZA=HUL,

A 2009 449 99, AlAEL 1 2009 49 23Y
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